Several measures of delay discounting have been shown to be reliable over periods of up to 3 months. In the present study, 115 participants completed a fill-in-the-blank (FITB) delay-discounting task on sets of 5 different commodities, 12 weeks apart. Results showed that discounting rates were not well described by a hyperbolic function but were significantly correlated across the 12 weeks for all 10 commodities. Discounting, when measured by area under the curve, was significantly correlated across the 12 weeks for 9 of the 10 commodities. Absolute values of both measures of discounting sometimes differed across the two administrations of the task. These results support the reliability of the FITB method but raise a number of issues to consider when choosing a method to study delay discounting. , 2003; Petry, 2005) and partially because its study has general applications (e.g., setting government policies; Hardisty & Weber, 2009).
Several other techniques have been devised to determine this indifference point. Richards, Mitchell, de Wit, and Seiden (1997) , for instance, proposed a variant of the above procedure. Across choices, the presented amounts were adjusted at a particular delay based on the participant's prior choices until the indifference point was identified. Rachlin, Raineri, and Cross (1991;  and see Beck & Triplett, 2009 ) took a different route and devised a method in which participants were informed of the larger, delayed amount and simultaneously presented with a variety of options that the participant could accept immediately. Chapman (1996) , in yet another procedure, devised what has come to be known as the fill-in-the-blank method (FITB) . With this method, participants are asked to generate, rather than pick, the indifference point by producing a value for the amount of the commodity that they would accept immediately rather than waiting for a larger, delayed amount.
Each of these methods has strengths and weaknesses. The original method, for instance, does not require participants to generate the indifference point, but participants must make a potentially large number of choices and it is possible for them to display multiple indifference points at a particular delay (e.g., see Weatherly, Derenne, & Chase, 2008) . The adjusting procedure (e.g., Richards et al., 1997) alleviates the latter of these drawbacks but not the former. The method developed by Rachlin et al. (1991) alleviates both but potentially suffers from the drawback that participants are limited in the number of indifference points available for choice. For instance, Beck and Triplett (2009) presented participants with a discounting task involving the delayed amount of $1,000 and 30 different dollar amounts they could choose from for the immediately available option. Thus, it is possible that the amount chosen by the participant was not an exact reflection of the indifference point. The FITB method can also be completed quickly and theoretically identifies the exact indifference point because the participant produces an exact value. However, the FITB method may produce different indifference points than the traditional binary-choice method, possibly because it is more "cognitively demanding" (i.e., the participant has to decide how to interpret the question and then generate a value; Smith & Hantula, 2008) .
Some research has focused on comparing these separate methods of measuring delay discounting (e.g., Smith & Hantula, 2008) . Other research has investigated the reliability of the measures themselves. For instance, Simpson and Vuchinich (2000) had 17 participants complete a binary-choice delaydiscounting task with the larger, later amount being a hypothetical monetary amount of $1,000. Participants completed the task twice, 1 week apart. The discounting data were analyzed using a hyperbolic function (e.g., Mazur, 1987) and the observed correlation between discounting at the two time points was .906. Baker, Johnson, and Bickel (2003) tested the reliability of the adjusting procedure proposed by Richards et al. (1997) with groups of smokers and nonsmokers across three different hypothetical monetary amounts. These participants completed the tasks 2 weeks apart. Again, the discounting data were analyzed using a hyperbolic function and the reported correlations ranged from .71 to .90. Ohmura, Takahashi, Kitamura, and Wehr (2006) conducted a similar procedure but increased the delay between the two completions of the discounting task to 3 months and also analyzed their data with both a hyperbolic function and with area under the discounting curve (Myerson, Green, & Warusawitharana, 2001) . For the hyperbolic function, the correlation between tests dropped to .60. However, when the data were analyzed by the area under the curve (AUC), the correlation was .75. Most recently, Beck and Triplett (2009) tested the reliability of the delay-discounting task proposed by Rachlin et al. (1991) with $1,000 being the larger, later amount. Two hundred and ninety-nine college students completed the task twice, approximately 6 weeks apart. When the data were analyzed with a hyperbolic function, the test-retest correlation was .65. When AUC was used, the correlation was .70. Thus, although they sometimes used different delays and different techniques to analyze delay-discounting data, these studies have demonstrated the reliability of the different measures of delay discounting.
To our knowledge, no reliability studies have been conducted on the FITB method (Chapman, 1996) . Thus, one of the goals of the present study was to determine whether this method would produce a reliable measure of delay discounting. A second goal was to extend the measure of reliability beyond hypothetical monetary amounts. A number of researchers (e.g., Chapman, 1996; Hardisty & Weber, 2009; Johnson, Bickel, & Baker, 2007) have examined whether individuals display a single, general rate of discounting or whether their rates of discounting differ across commodities. Several investigations have shown that there are absolute differences in the rates of discounting of different commodities, although it is sometimes difficult to determine whether these differences represent differences between commodities themselves or whether the results are confounded by differences in the magnitude of the commodities presented to the participants (see Hardisty & Weber, 2009 , for a more detailed discussion). Related to the present investigation, Weatherly, Terrell, and Derenne (2010) recently had a sample of college students complete a FITB discounting task that included five different commodities. Two different sets of commodities were tested that were identical to the ones used in the present study. The AUC for each commodity in each set was then factor analyzed, with a two-factor solution being identified for each set. These results suggest that there are at least two different "domains" of commodities that, although they might be discounted at different rates, are predictive of how people discount other commodities within that domain but not predictive of how they discount commodities that are not in that domain.
In the present study, college students completed a FITB discounting task that involved five different commodities. Two different samples were employed, each completing the task for a different set of five commodities. Twelve weeks later, the participants completed the same task with the same five commodities. Although they used different procedures and time delays, given the results from previous studies on the reliability of the different discounting measures, we predicted that discounting of hypothetical monetary amounts would be stable across 12 weeks with the FITB method. We also predicted that the discounting rates of the nonmonetary commodities would be reliable as well, although we had no a priori prediction as to whether they would be more or less reliable than those observed for the hypothetical monetary amounts given that no reliability studies have previously investigated discounting of these particular commodities.
We tested these predictions by conducting correlations on the discounting values obtained from the two different administrations of the task. We were also interested, however, in what is known as absolute stability (e.g., Beck & Triplett, 2009; Kirby, Petry, & Bickel, 1999) . Absolute stability refers to differences between the absolute values of the discounting measures across administrations of the task, not whether or not changes in the values vary systematically. Beck and Triplett (2009) reported no differences in the absolute stability between administrations of their discounting task for hypothetical monetary amounts. Therefore, we also predicted that no differences would be observed in the present study when participants were asked about hypothetical monetary amounts. However, given that our prior research suggests that the commodities in the present study belong to different domains, we made no a priori prediction as to whether a similar effect would be observed for the nonmonetary commodities. We deemed absolute stability to be of importance because, although one might suspect that individuals who discount a particular commodity steeply at one point in time would also tend to do so at another point in time, the process of delay discounting is likely a function of experience. By measuring absolute stability, it may be possible to identify commodities for which discounting is relatively set and others for which it might be more dynamic.
method Participants
The participants were 115 undergraduate students at the University of North Dakota. A total of 81 students enrolled in an introduction to psychology course completed the discounting task with Set A of commodities. For this group, 30 of the participants were men and 51 were women. Their mean age was 18.50 years (SD = 0.74 years) and they reported a mean grade point average of 3.29 out of 4.00 (SD = 0.52). Seventy-eight of these participants reported being Caucasian. The remaining 34 participants were enrolled in an educational psychology course and completed the discounting task with Set B of commodities. For this group, 5 of the participants were male and 29 were female. Their mean age was 21.35 years (SD = 3.35 years) and they reported a mean grade point average of 3.47 out of 4.00 (SD = 0.39). Thirtythree of these participants reported being Caucasian.
materials and Procedure
Participants completed both administrations of the questionnaires in their psychology class and did so for extra course credit. The first administration occurred at the end of August 2009. The second administration occurred 12 weeks later in mid-November 2009. Each questionnaire packet contained an informed consent sheet describing the study as approved by the university's Institutional Review Board; a demographic survey that asked participants about their gender, ethnicity, age, and grade point average; and a series of delay-discounting questions about five different commodities. No scripted instructions were provided to the participants prior to their completing the questionnaire packet.
Two different sets of commodities were employed for several reasons. First, we did not want to potentially exacerbate the cognitively demanding nature of the FITB method. Second, previous research (Weatherly, Terrell, & Derenne, 2010) had followed a similar procedure. The commodities in Set A were winning $1,000, winning $100,000, 100 packs of cigarettes, obtaining the ideal body image through exercise and dieting, and finding the perfect dating partner through a dating service. The commodities in Set B were being owed $1,000, being owed $100,000, retiring with an annual income of $100,000, having the federal government pass perfect legislation reforming the American education system, and getting perfectly effective treatment for a "serious" medical condition. The exact wording of each question can be found in the Appendix.
The delay-discounting questions asked participants to provide the smallest dollar amount or percent of perfect of that particular commodity that they would be willing to accept immediately rather than waiting a certain amount of time for the full amount/percent. There were eight questions associated with each commodity, and the questions differed in the delay to the full amount/percent of the commodity. The eight delays were 1 week, 2 weeks, 1 month, 3 months, 6 months, 1 year, 5 years, and 10 years. Thus, the series of delay-discounting questions for each set of commodities consisted of a total of 40 questions. Prior to the first administration of the questionnaire, the 40 questions were randomly ordered. All participants then completed them in the same random order during both administrations of the task.
Data Preparation
The delay-discounting data were analyzed in two different ways. The first was fitting the amounts/percents across the different delays to a hyperbolic function (e.g., Mazur, 1987) using Microsoft Excel:
In Equation 1, V represents the subjective value of the delayed outcome, A represents the amount of the particular commodity, D represents the delay to the full amount of the commodity, and k is a free parameter that describes the rate at which discounting occurs and serves as the dependent measure of discounting. The larger the value of k, the more steeply the respondent is discounting the value of the commodity when it is delayed.
The second way in which the discounting data were analyzed was by computing the AUC (Myerson et al., 2001) using Microsoft Excel:
AUC is calculated by summing the areas of the trapezoids calculated across the different delays. The value of AUC can vary between 0.0 and 1.0. The smaller the value, the more the respondent is discounting the value of the commodity when it is delayed. One difference between the approaches is that Equation 2 does not assume that the discounting will take a certain (or even systematic) form across delays and participants.
Unlike previous studies that have investigated the reliability of discounting rates using different delay-discounting tasks, we did not overtly attempt to identify and exclude outliers or respondents with extreme discounting values. Beck and Triplett (2009) reported that such studies typically exclude approximately 10-15% of respondents, depending on what exclusionary criteria are employed. We did not use exclusionary criteria because we were explicitly interested in the reliability of the measure, regardless of how extreme a participant's responses might be. Phrased another way, if the FITB method is reliable, then you would expect that individuals providing data that are identified as outliers during the first administration of the task would also do so during the second administration. With that said, k was
(1) calculated out to eight decimal points. When an individual's k value was 0 up to eight decimal points, for either administration of the task, it was not possible to complete the logarithmic transformation that was necessary for parametric analyses to be employed. Thus, in those instances, data from those particular individuals were excluded from the analyses conducted on the transformed k values. Analyses on AUC, on the other hand, were conducted on data from all participants.
Results
Before any statistical analyses were conducted, the k values generated from Equation 1 were subjected to a logarithmic transformation to alleviate positive skew (see Myerson et al., 2001 , for a discussion). All statistical tests on k values, for both Set A and Set B, were conducted on the transformed data. set a Table 1 presents the mean (pretransformed) k and AUC values for each of the commodities in Set A. Also presented are the mean R 2 values when Equation 1 was fit to the data and the correlation between the k and AUC measures at each administration of the delay-discounting task. Although the correlations between k and AUC were strongly negative, as one would expect, the data in Table 1 indicate that Equation 1 did not provide a particularly good fit for the data from many of the respondents. The AUC measures suggest that discounting differed across the different commodities, with the most discounting being observed for cigarettes at both administration points. The least discounting was observed for a dating partner at both administrations. Differential stability (see, e.g., Beck & Triplett, 2009 ) refers to the reliability of a measure as calculated by a Pearson correlation. Table 2 presents the Pearson correlations between the two administrations of the delay-discounting task for each commodity for both k and AUC values. These data indicate that a significant positive correlation was observed for both measures of discounting for each commodity. For both measures, the lowest correlation was observed for body image and the highest correlation was observed for winning $100,000. Table 2 also presents measures of absolute stability for each commodity. In terms of k, two of the commodities had significantly different values between the first and second administrations of the delay-discounting task: winning $100,000 and cigarettes. In terms of AUC, the only significant difference in the absolute values between the two administrations of the task was observed for winning $100,000. set b Table 3 presents the mean (pretransformed) k and AUC values for each of the commodities in Set B, as well as the mean R 2 values when Equation 1 was fit to the data and the correlation between the k and AUC measures at each administration of the delay-discounting task. As with Set A, the correlations between k and AUC values were strongly negative, but Equation 1 did not provide a particularly good fit for the data from many of the respondents. Also as with Set A, the AUC measures suggest that discounting differed somewhat across the different commodities, although the range of differences was smaller than that observed with the commodities in Set A. For both administrations of the delay-discounting task, the commodity of being owed $1,000 was discounted most by the respondents. The least-discounted commodity was federal education legislation on the first administration of the task and annual retirement income on the second administration. Table 4 Table 4 presents the Pearson correlations between the two administrations of the delay-discounting task for each commodity in Set B for both k and AUC values. These data indicate that a significant positive correlation was observed for both measures of discounting for each commodity when k was the measure of discounting, with correlations ranging from .544 to .732. When AUC was the measure of discounting, significant positive correlations were observed for four of the five commodities. The significant correlations ranged from .511 to .683. The one commodity in which a significant correlation was not observed between the two administrations was medical treatment. Table 4 also presents measures of absolute stability for each commodity in Set B. In terms of k, three of the commodities had significantly different values between the first and second administrations of the delay-discounting task: being owed $1,000, being owed $100,000, and medical treatment. In terms of AUC, significant differences were observed between the two administrations of the task for the commodities of being owed $100,000 and annual retirement income. Figure 1 graphically presents the data for AUC for both sets of commodities. Although some of the differences were small, AUC values increased from the first to the second administration of the delay-discounting task in nine of the 10 possible instances. For the sake of space, and given the fact that Equation 1 did not provide a good fit for the present data, graphs presenting the discounting curves have been omitted.
Discussion
The present study was undertaken to determine whether the FITB method of measuring delay discounting would show reliability over time, as have other measures of discounting (e.g., Beck & Triplett, 2009; Simpson & Vuchinich, 2000) . A secondary aim was to extend such reliability measures beyond the commodity of a hypothetical monetary amount, which has typically been the only commodity measured in previous reliability studies of delay discounting. Across two different measures of discounting (i.e., k and AUC), reliability was fairly good across the 12 weeks between the two administrations of the discounting task. Significant positive correlations were consistently observed for k values, with the lowest being .334 and the highest being .732. Significant positive correlations were observed for nine of the 10 commodities when AUC was the measure of discounting, with the lowest significant correlation being .344 and the highest being .683. Set A Figure 1 . The AUC for the mean of all participants for each of the five commodities in Set A and Set B during the first and second administrations. The error bars represent one standard error of the mean across participants for that particular commodity at that particular time point.
Although the results indicate that measures of discounting of the different commodities at the first administration were predictive of rates of discounting 12 weeks later, it was not always the case that the absolute rates of discounting remained the same. Significant differences in the absolute values of k between task administrations were observed for five of the 10 commodities. When AUC was the measure of discounting, significant changes in AUC values were observed for only three of the 10 commodities. Absolute stability was observed for both k and AUC values for four of the 10 commodities. Absolute stability was worst for the commodity of $100,000 being won or owed. For this commodity, both k and AUC values differed significantly between administrations of the task. Participants discounted the commodity of $100,000 less on the second administration of the task than on the first administration, suggesting that the value of that commodity had increased across the 12 weeks. With that said, respondents' prior rate of discounting the commodity of $100,000 was significantly correlated with their subsequent rate of discounting.
One contributing factor to the differences in the absolute values of k across the two administrations of the task likely lies in the fact that Equation 1 provided a relatively poor fit to the present data on both administrations. Equation 1 never accounted for more than 70% of the variance for any commodity in either administration of the task, which is far below the levels of fit reported in other studies of reliability of discounting (e.g., Beck & Triplett, 2009) or studies of discounting that have used the FITB method (e.g., Smith & Hantula, 2008) . One legitimate suggestion might be to discard the data from respondents for which Equation 1 did not provide a good fit and to analyze the data only from the respondents for which Equation 1 did provide a good fit, especially given that previous studies on the reliability of discounting measures have used this particular analysis. Unfortunately, for some commodities, Equation 1 did not provide a good fit for any of the participants on both administrations of the task.
The reason for the poor fit of Equation 1 is not known. The present study asked participants to discount a number of different commodities that have not usually been investigated in past studies of discounting. However, it is also the case that Equation 1 did not provide a good fit to the hypothetical monetary amounts in the present study, which is the typical commodity investigated in studies of discounting. The present procedure had participants complete questions on five different commodities, with eight questions per commodity (i.e., 40 questions total). Previous researchers (e.g., Smith & Hantula, 2008) have noted that one drawback of the FITB method is that it is cognitively demanding for participants because they have to explicitly generate the indifference point. For instance, participants had to come to some conclusion on what some percentage (e.g., 50%) of one's ideal body image actually meant. This aspect of the procedure may have added to variability in responses across the questions and, given the fact that participants completed the questions in the same order during both administrations of the task, one might expect similar taxing effects across administrations. Unfortunately, it is not possible to measure whether or not participants became more cognitively taxed as they went through the questionnaire packet because the discounting questions were randomly ordered and all responses for each commodity were used in the calculation of both k and AUC. Regardless of the reason for the poor fit of Equation 1, researchers interested in delay discounting who intend to use k in Equation 1 as their main dependent measure may wish to consider a delay-discounting technique other than the FITB method.
The finding that absolute rates of k and AUC differed across administrations for some commodities is also potentially problematic. Beck and Triplett (2009) did not report such differences when using the procedure proposed by Rachlin et al. (1991) . Beck and Triplett, however, studied only one commodity (i.e., $1,000). A significant difference in the absolute value of this commodity in the present study was only observed in one of four potential instances (i.e., for k when participants were owed $1,000). Given that Equation 1 did not provide a particularly good fit for the present data, and the finding that rates of discounting differ depending on whether the questions concern hypothetical money that is owed or won (Weatherly, Derenne, & Terrell, 2010) , it is difficult to determine how different the present results are from those reported by Beck and Triplett. In general, the finding that absolute values of k and AUC may vary across time suggests that studies of delay discounting may be most informative if they focus on relative differences rather than absolute differences. Then again, it may be the case that the differences observed in the present study occurred because we employed the FITB method. Additional research on a variety of commodities that employs a different delay-discounting method would be required to come to firm conclusions about this issue.
Interestingly, there was only one failure to observe a significant positive correlation between discounting rates on the different administrations, and that failure was observed for medical treatment when AUC was the measure. Because the first author of this article was the instructor of the class of students who completed this set of questions, he took the opportunity to question the group about what might have changed across the two administrations of the task in terms of this (and only this) commodity. Several potential explanations were offered. One had to do with the interpretation of the question. That is, the question cited a "serious medical condition," and it is possible that respondents referenced a different medical condition on the two different administrations. It was also the case that two major health issues had occurred during the 12-week interim. One was an H1N1 flu epidemic that personally affected several members of the class. The other was a national debate concerning healthcare legislation during that period. It is not possible to determine exactly why the correlation for medical treatment using the measure of AUC was not significant. However, this result suggests that delay discounting of at least some commodities is malleable to experiential factors. It is also worth noting that this information was not collected in a systematic and controlled manner. Future studies might be well served by incorporating the systematic collection of qualitative data that could potentially serve to provide insight into the discounting rates that are observed.
As noted previously, there are a number of different techniques for measuring delay discounting, each with strengths and weaknesses. The strengths of the FITB method are that participants provide exact indifference points and data collection is rapidly completed. The drawbacks are that it is cognitively demanding, the data may not conform to Equation 1 (which most measures do), and absolute values of discounting may vary across administrations of the same task. With that said, the FITB method does appear to have some ecological validity. That is, when making decisions about some amount of a commodity now versus a larger amount of that commodity later, it is far more common for someone to have to make a one-time decision and to have to determine the value oneself than to be faced with a series of choices involving differing values at the same delay that ascend, descend, or adjust in value across the series. It is also true, however, that in real-life situations we are sometimes presented with a list of choices for our one-time decision. In such instances, the Rachlin et al. (1991) method may be the most realistic. Now that delay discounting can be studied using a variety of methods, researchers should consider the various strengths and weaknesses of each when deciding which method to employ. appendix 1 Note. X time = 1 week, 2 weeks, 1 month, 3 months, 6 months, 1 year, 5 years, or 10 years. set a you Won $1,000
If you won $1,000 and were not going to get the money for X time, what is the smallest amount of money you would accept today rather than having to wait X time?
you Won $100,000
If you won $100,000 and were not going to get the money for X time, what is the smallest amount of money you would accept today rather than having to wait X time?
body image
A specific diet and exercise plan will help you attain your ideal body image if you stay on the plan for X time. However, an alternative plan is available that is less effective but gives you immediate results. What is the smallest percentage of your ideal body image (i.e., of 100%) that you would settle for to get immediate results?
Dating
Suppose you are single. A dating company guarantees that they will find you a perfect mate but that it will take them X time to do so. An alternative company can find you a less-than-ideal mate but can do so immediately. What percentage of perfect (i.e., 100%) would the person need to be for you to choose to find a mate immediately rather than waiting X time for the perfect mate?
cigarettes Suppose you are a smoker. A cigarette company is going to send you 100 free packs of cigarettes in X time. What is the fewest number of packs of cigarettes that you would accept immediately rather than waiting X time? set b owes you $1,000
If someone owed you $1,000 and was going to pay you that amount in X time, what is the smallest amount of money you would accept today rather than having to wait X time? owes you $100,000
If someone owed you $100,000 and was going to pay you that amount in X time, what is the smallest amount of money you would accept today rather than having to wait X time?
Retirement your financial advisor informs you that you could retire at a wage of $100,000 per year but that you need to work for X time before that is possible. What is the smallest annual amount of money you would accept today rather than having to work X time?
federal legislation on education
Suppose the federal government is attempting to pass legislation that will reform the American educational system. your senators tell you that it will take them X time to craft the perfect policy but that they can pass a lessthan-perfect one immediately. What percentage of perfect (i.e., 100%) would you find acceptable to get the legislation passed immediately rather than waiting for X time for the perfect policy?
medical Treatment
Suppose you were suffering from a serious disease and your physician informed you that you would need to wait X time before getting a treatment that was 100% successful. However, you could immediately begin a different treatment that has a lesser chance of success. What is the minimum percentage of success that the different treatment could have for you to choose it?
